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(57) Abstract: A torsional vibration 
1^ measuring instrument comprises 
reflecting means (6, 7) arranged at 
predetermined axial interval on an 
object rotator (5) the torsional vibration 
of which is to be measured, pulse 
light beam applying means (1, 2) for 
outputting a repetitive pulse light beam 
to be applied to the reflecting means, 
and transmission transmitting means (3, 
4) for transmitting the outputted pulse 
light beam. The torsional vibration 
measuring instrument further comprises 
transmitting/receiving means (8, 9) 
for causing the transmitted pulse light 
beam to fall on the reflecting means and 
receiving the reflected pulse light beams 
reflected from the reflecting means and 
reception transmitting means (3, 4) for 
transmitting the received reflected pulse 
light beams. The torsional vibration 
measuring instrument still further 
comprises sensing means (12,13) 
for sensing the reflected pulse light 
beams transmitted by the reception 
transmitting means (12,13) and signal 
processing means (14) for processing 
the pulse output signals outputted from 
the sensing means and calculating the 
torsional vibration frequency of the 
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^ }i . _h IE ^ M ^ ^1 ^ -r S. .r {r. fi: $ ,t ". . ^ <^ S W f^ vlr 

h l3i & S o 

20 fix:.*) mW}i:$YM'i'^%M^wi^P^(ommk^ifA:fj\^\^m^(omm^^^^ 
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5 

10 fo 5 o 

;vp^mmii^^^'^ts:^'^<^^ 1 *5 J; 2 © /-^ ;^ ttl « -Tia 1? 
15 § o 

3^^^*3 J:-o«^-«/i';^igiPs:5S^^^'fc^-a-oll 1 *5 j;t>*|| 2 o ^-^ /i' ;^ ttl ft 
^ :^ i" 0 "C S 0 

tJf m 2 o ^-^ /V ^ ttj ;^ -i- © ^ ^ t" 0 1? S o 
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10 ^tej^^-gin-r 1 <^^i^^tt 3 i^ii-am 2 co'^ii^^e4 ^^-rso 

15 m 2 oKM^<^^^tfti^t:^yt-r^mi (om^mmms )si:x]^^ 2 ©tH^ 

1 oD^^^a^g 1 2is^Tjm 2<D^^mm i s mi (D^^^mm 12^ 
20 xxj^m 2 (D^^mmn 3timti'r?>miisj^x)^m2<D^</i-:^mtim-^^ 

m 1 1 ^XXJ^m 2 (D^-«/vo^3feR^I*3^g 2 y^J^ 

;<.il^)3Stil^^fp [Hz] 43j;tJ«^-«/^;=?.^r^*Swp [s] d^PS'Br 
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l*ig«4 Lfc^ 1 *5 J; tJ«m 2 <D^^V^;^)tllf^. tt^tDte 7 r 

/^3b. 4b<lriioTmi otft^'^mmW: 5 0 *5 i-O^m 2 <^^j^^glii 
fSSlSrii*). ^fe^T'T^-^Sa. 4 a UT^ 1 <^i^^'^3^e 8 *3 J; 
10 2 OillSfs^fi 9 l-#d^H5o H 1 eoaUgfS^e 8 *5 i tJ^H 2 <^>ill 

^mmW: 9 ;{)^e>^-& bttf::/-«>'V;^^i^/55-?:tL^tt. H 1 O^^WL 6 *3 i 
tJ«^ 2 oKtt« 7 (d^fca X ::r-esl*b. ^ 1 ©ill^<t^#^ 8 4s J:^ 

urn 2 ©iiis:ft§^e 9 iciM^ n 1 8 43 ;"..t?^ 2 com- 

15 aoTH 1 ©3tei^:»-|lt^K 5 0^3 j:t;{m2 0 3tell:9-|llig« 5 1 lii]^5o 

^ 1 c^3fe^5>iii^e 5 0 iaxv^m 2 o3t^:5>ii^fi 5 1 \cmoti^<^^^ 
-c. B 1 ©<^ttiig« 1 2 *3 iT^i^ 2o^^tti3gei 3 ^mi>^ti^o 

20 f^itJ-^x T -r 3 b b AM§ 1 <^ l^^^ 7 

0 ^mo1t^\zi^mT&R^m 7 1 4r^ia ^ 2 (OUl^X 7 2<Sr 

Mii ^>'T-f^^3a<^iiLTttlX=ff<o ^7t4 ^^3 a^il 

7 1 -eSit ^ tt. ^ b l^lKlt^ 7 3 -CKl* ^ H^ mSe^WX 
25 7 4 $riloT. 3t :7 7 3 c Ur jlJXff < o Il2©^^5)-il^« 

5 1 t> lll^<^«litt?fe So 
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0 1 ©i^^mi^SS *5it^m 2 OiH^Wi^S 9 ti. ^tb^n^ 01© 

0 1 05^1*^ 6 *3J:tJ«0 2 '/ Olftra l^a- $Wi Cm] *5 j; IF 

W2 [m] . Cm] ;.. L >, Cm"' ^ 1^(D^ (l) 

15 #^^:^v^o 

Wi>V.>0. W2>V3><E> •••(!) 
Li>>V,>>*. L2>>V,>>4> -(2) 
fe^b. V. Cm] 5 <^itt:fe-I^(^igib^<®t?fc !3 ^ 

Cm] tiMMmmPf^ 5 (Dm:^[^ (d>o0 1 ^ i tJ^m 2 
20 lti:Sii:;^r^) <Dm^Mm-^i> . a» Cm] fiS^-^leltefls: 5 (^^ffi-hl- 
^sif 50 1 *3 J: t)^0 2 <J5^"«>'l^^^ill<^ If — A^-C-fc 5, 

0 1 (3D32IS:«igg 8 43 J; tJ«0 2 t^illgiffiiSg 9 

|^#<?5 ^3<Dt^fflV^-Cfll^ 0 1 :13 i t;«0 2 © /-^yl-;^ ^ ¥ff ^ 

25 Cm] i: ;fe5 i 5 l-^io-CVNSo -ebx. 0 1 6 43 <k •a?0 2 © 

7 131 J; 50 1 *3 J:t;«0 2 <d S ^ ^-^ ;^ 3te «ft 0 i (ommmW 3 43 
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m 1 e?i^^^S 1 2 :}3 itJ?^ 2 ©t^^^g 1 3 :»r ViJ^^^ 
^ 1 O-^i^^g 3 *3 J;tJ«^ 2 oei||^B4 IC i oT^iH^^Xfc^ 1 *5 i 

15 1 0 1 Oy^>'W;^3fej|lfix m 1 <^>^>i^B 3 T 3 b . f^l 

«flB^ (1) :J3j;-0«^ (2) «r«S-t- S tf - Cm] 5 J: 

20 i: p^-efe So 

ittlgS!jtr*i-5^^ll|i|e#: 5 36S|iIteJl?Ki!c f m [Hz] -Qmm^iT^m 

5 1^0 . (b) ^ KOiH^W^B 8 1 ©/•«>'V;=^^ 

25 t (c) ^^lHife#: 5 <^Jl:^(Ri 1 <^^-?/v;^^^*5R§lt 



wo 03/083416 



PCT/JP03/03979 



8 

mmm s <d^z7 t ^ ^< 3 & ^ mi (o^mi^mmm 50. tft^r^ c 

5 ;65^^|Hl^f*: 5 O 1 iHl^fetCttl;^ $nSo ^ r "C . 8 . 9 

t-t&ia^ (2) ;5Sf^^-r 5 fcfe. H 1 (D^-^/w;^ Iii;f3ft-^ 1 5<^i:t>±9 
^M*5 J;tJ«i:*>T 9 ^Kttx mi <D ytf^(0:ii:h ± !9 ^^*3 J: tJ^S: 

!9 mm J& So 

*tb5o ft-^^aSS^g 1 4 -t?«:. ^ 1 ©^•^^i';^ tt};^m# 1 5 5 
0 i # @ ( 1 ^ i g n ) (^jy^/i^;^ lc*5 v^x> m ^MK^-t X 5 Jeii:t>-h 
19 ^-^/v;^ tciM UX^-«>'i';^^4®(35+BM v^^>'^ V s [%] (i^Vs^io 
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0) (ommt:mMi.. m l mB<o^<^u:^(D h V :fff^m t r t C s ] Srth 

T 1 = 2 ( t r i' - t r t) / n - ( 3 ) 
10 ^{cioT. m^Jl^Ti [s] <DtfafJJ»fi^iiiie> s d5-et So 

Tia®^ (4) K X <:>xm^mm(^f^mm:T ^ z s i ^mm ■ l ^^^m 

z] J'.c^Js M^leite#: 5 (^:)jil:;^[Rj<^^lticoj^#f*T 1 Cs] . 

15 Tj [s] KMMt-r ^ii^m&Xh?>fLi^. ^ (.4) K i: r> X ^ ^ 

T» = I T1-T2 1 - (4) 

_h3* 5 tils Hi (O j^mti^-^ i 5 *5 i XJ? M 2 © x-? ^ tij ;^ 

f£\^::i t\^is:^. ^(DB^. M^mmi^ 5 f)^mmwi^^-r?>m^x:h<^ 
x-h. mmmmr^ Cs] ^xxj^t^ Cs] <irtfaijL. ^ (4) kx-o 
xmmmm(Df^mm.r « ^nfk t t> Kmnk^ib. "to^mmwcmm^n 

25 ^Spr|gi/j:5o 
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0 i (l^i^n) a:>/^)V:^VLt^\^x ^ tL^^K>^-^/^ 

@ \:Ln bT^^«!■as^^TV^, h y j^f^r^i t r i' [ s ] So 

^ b T . r h y -^J^m t r t [ s ] *3 c>: t> t r C } ^ . ^ 1 <^ 

(3) ^fflv^T«^^•«>'^;^-e^^'^fc: LxM 1 ^^^-^/i^:^ W;^ft-f- 1 7©lil 
15 i}g^»T 1 [s] ^5ttJ6S„ l^^{:iL-C. <75 ;^ ffl {t 1 8 O 
|lIi^ji»3T2 [s] D «3 Sg&JlJfe^ f » [Hz] <Sr^Je)5o 

;i © i 5 Ji:. 0 1 <^/-«>'V;^tt|;;bft-^ 1 7 53 J; TJJII 2 o ^-^ >'i' ;^ ttJ ;^ m 

>'-«/i^;:^|±i;^j{t# 1 7 *3 J; tJ? 0 2 © ^-^ y'V >^ tH ;^ -f- 1 8 <^=§-fllfigx-«yv;^ O 
20 h y :«fi^ra t ri [s] 53j;t;Jt r^' [s]-Sr^«)5w^ds-e#. ^aC 

^^ttl 3 ^^:*5V^X y -r X;6S3g^c#v^#-a■> 0 1 <^^^Vv;^tIl;fjft-^ 1 9 
26 . *3 i tJ^H 2 ©^^/i^;^ ttl;^^-!- 2 o tt. 0 5 in J; 5 
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^■r50i#i (l^i^n) <D^<Ji^:^t:$Ym\^ftmMK^i-f?>mi(0 
ici J: So 

iggv^■c. 1 i # g w^-^/v;^ tr^^ \^fzmn(0^<f\^:^-^ ^ 

10 bp ci'il:t)-S!li--5o ^UT^ r<D^-«/u;^;«7!^>'bp Ci^oitJ^p cj' 
lcr^l(^^-5/^;^ffi;^{a-^l 9 ^m^-lr <o ic: M b r tl- 
Tta^??^ ( 5 ) \^y^t J: 5 41?: ^-^^ ^ "e ¥ -fb UT^ 1 d^ti 

1 9 (^iHi^jS'i^iT 1 1 3 ;i vsjtfe 5o - : : # 

Ti = S (pci'-pc,) / fpVn - (5) 
15 Hi^tJl. s 2 ttJ:^ff-^ 2 0 IJIO V^T feUItej^fflT 2 [s] ^ 

C 9 f t [Hz] ^^i?)6o 

2 0 03=S-ig|^x"«>'v;^ <3!>^•^/^:5^?^4^■^/■«/^:^ig<i^5;^Sf5fe■e^^^|■t■5^'B■ 
20 05/-?/^;^ ffl;/j^t-§- 2 0 (^iHiejSI^ T 1 Cs] *5j;T^T2 Cs] 

rfc;55-C#. C "9 ^Wj^ld?^ f t CHz] iS!i iW « Sll i" 5 ^ i 

25 1 3 {;i*3V^T 7 -f X^SH^^:#■V^#-a■^ ^ l (D ^ mtlH-^ 1 9 *5iT^ 
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::^ft-^ 1 9 *5 itJfH 2 tt};t>«-i- 2 0 (0^mi)^mm\^fS:^W[^ii'^ 

5 ^ o 

:^©NFl^1KPB(tr„-tri) Cs]. ^v^fit^;S!|/•«^^;^ic ( p c „- 
pci) Srth?l!li-5o ^UT^ ^ 1 ©Klt^ 6 $ L i [m] 

10 ^l:fflv^, TIBO^ (6) ^ H-^i" S r ^ J; o T ^ ^ 1 o ^-^ ^ ttl :^ jt 
1 9 (DUI^^^T 1 [s] ^^&5o 

T-=(27rR/'Li) • (tr„-tri) 

■- (27i:R/Li) • (pc„-pci)/fp'' ••• ( 6 ) . 

f p t±^i ®^-«/v;^3tej^(D^-«7v;^ig^ t) ig LJiiSic [Hz] "Cfc 
15 13 , R tt^^mte^: 5 (^|sl^i|£^# Cm] t? S » 

l^^lc, H 2 <^>/-«yi';^tt};'3«-^ 2 o•^^:ov^T tjlH^JlWT 2 C s ] <lr 
^86. D 9 ^ibJliSEilc f t [Hz] 

(D^<ju:^mt}i^-^ 1 9 *5 J; urn 2 (0/^)V^}i^ti^'^2 0 ©lHll|gJ^»J T 1 

[s] *5J:tj?T2 [s] ^5f^ie>5r:i:;6S-T?^. iaDD ^idjlJS^ f t CH 

25 z] ^iSjift^iJithaii-rs ^ i: ds-5rtB<b 
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5 2{c*DV^-c> •? bjiisic f p [Hz] ^m<-r^o ie:^ 

g 1 4-C«. WfiK^-^yl-;^^ n ' (n'>n) <D^ 1 <D Jl^ :^m:^m^ 1 5 
ft-^ftia^gl ^ (3) . 5*; (5) ^V^^^^ (6) <DV>-ftb 

10 J: o 1 *5 J: TJ?^ 2 <D^^yv;^m;^it-i-oieltejl^T 1 [s] *5 i 

ft [Hz] ^i«3^i^lc:3K:fe 5 :i t 5, 

15 r<DJ;5(-> ^ 1 1 5 *5 2 ©x•?/^;^W;^ft-§- 

i tKH 2 2 ©/■^/I'^^iii «J jg U^Jgtl^ f P [Hz] S: 

iii<-t-S::<blcJ;o-r. is J:t)«m 2 (^) x-? /i^ x m © fli ^ 

icn ^*S*P^-^5 r i ;&ST'#. ^ (3) . ^ (5) ^VMi^ (6) i 

20 o TH-aamf£«ri£T§-B:S w < ^ 1 ©/■^yu^m;^;^-^ 1 5*5j;-a?0 
2 <D^^V^;^ m;dfs 1 6©Ih]^J1I^Ti [s] ieiT^Tz [s] ^tf?SI 
-rs C <b ^f^HIfeiSt: 5 <^>ta D !9 ^«jj^i3K^ f t [Hz] 

^ 5 r i /55 bT 11 1 /jj 5 o 
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co^-«/v;^3fei^^e5iii-'5m 1 (o^mmms ^i:xfm2 <Dmmmm:4 t ^ 

5 M^lelte^*: 5 Idfi. 3fcj^^SM-r 51^ 1 cD^-a-fbSlt^ 2 3 *5 

1+;^ 2 3 *5 J; tJ^i^ 2 (D'^^m^t^s^m 2 4 ijir^i* ^ 1 <D^m<t.R^m 
10 ^^^^^-r 1 <z)i§^{t^» 8 *3 j:tj«m 2 (Dm^mrnw: 9 ^M;t-c 

?) iiWitf-SiJ^fifi^ bid. mm^c%^fi'tz^ -i.^J^-CPm'2 
ORM^mtrmmir^m 1 o^SiH^g a *5 / '>^S 2 £0^^;x^.g 4r<!: 

15 i: ^ii-r lo^B'^mmms o^xxj^m2 (Dtftm^^mmm 5 1 
2 <D3fei^:»-ii^® 5 1 ox^m^mum 1 *3 2 £DKlt^^v^;^ 

1 cO^S^iR^-g^ 5 5 *3 J: -O^m 2 
5 6,!;. i^^mKm^^ntif^ 1 ^XXJ^m 2 c^Sl^^•«>'^^3fei^^^ 

20 ^-rsm 1 1 2:fe it;?^ 2 (ot/tiik^mm 1 3 mi <Dyt 

m^mm 1 2 *5 j;t;fm 2 o^t^^iss 1 3:6stb;^-f50ij3j:tj«ii2o 
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^ Ufem 1 *3 i t^^ 2 <D^'«;^;^3tllfi^ ^ tb^tb^fe >^ r >r 3 b . 4b 

m 1 <^i^s«^g 8 *3 it;?^ 2 (^)iii^«|ge 9 6>tbfc/-«y^;^ 

10 4l;iSfc5i:. w ^ -e^M L> ^ 1 t^illSfs^g 8 jo J; t;«m 2 <05IIS:« 
15 i!^/£<i:t>— ^FP«3t7T-r^<3c. 4c^S:ii-3-C. KO^m 

m 1 (D^mitRH^ 2 3 43 J:t;«0 2 ©^m-fk^i^^ 2 4 s 1 43 J; 

20 *3 J; 2 (0^-«7V:^3teaSrKiR (^fcfiica) f 5 J: 5 ^ tbT v^ 

S. 

— Ml (O^mihRMm. 2 3 *3 i tl«m 2 (^J^-fi-ftiSlt^ 2 4 
l+^^<7?i|«i;^fRlS ^ Wi [m] *5J:t;«W2 Cm] ^ Jl^lPlS^Li [m] 

43J:t>'L2 Cm] {3158 UTfi. tfrlBcD^ (1) :feJ;tJ?it (2) ^m^^ 
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fSo ^!l;if^s ^ 1 (^iHSifti^g 8 *5 J;tJ«|| 2 Oit^lt^g 9 ;J5fi??g^ 

J ^ hfa^ . %\ ©/•«/^;^m;^ffi-i- 2 5 ^3 J:t^^ 2 (o^^jv^}^^ 
2 6 © S Nit (m-^/y^rXit) ;iS®Tt- S^^J^^fe 
•a-. ^i*5j;t;?^2 cD/^/v>^3fell<^ife;R^ / X)te iT^eSMS^olfeSi: 
fijfe e>^v^^S:g^^:^^. f^l60:^^SIgl 2 *5 J;tJ5|| 2 <^^^^g 1 3 
10 ^c:*3V^T:l^D^Sft^^l^6<J^^:;^^i-5 J: 5 {-i-5o miciD^ iff S N 
ifc<7>m 1 (0/-^fv:^Y^ti'B% 2 5 *5 it;?^ 2 <D/^}v:^^ti'^^ 2 6 Sr#5 

(O ^ 0 '-.y mi *3 itJ^H 2 <D^</i^:^^m(Dm^ t J 4 :<%<Dl^^:-f)^ 

15 */i b «^v^^fe:^^e:3^^ 5 r -b J; U X iil s Nfcb® ^ l ©/-^/u;^ tli;^« 
^2 5*3j;tJ«02<^)^^V^;^|±J;^^a■^2 6Sr#S^i:d5-c#5o 

6 lai-ioTiftB^-rso m 1 <^>iiisffi^g 8 :}3 J; 2 <om^mm 

20 -< fe/j^v^^g:g^^:^xS ;ii:;6Sfflil-Cfc5fc 

i??, ||i(D^-^7v;^tt};^?{t-^2 5 ^ iixsm 2<oy</u>^m:f3m^2 6©SN 

2 olSAMtR^^ 5 6lJiJ:oT0l isXXJ^m 2 CD ^ It >rv 3fej8S?r?KS 

25 J: 5 So citbicitj, m lis j^nm 2 <DRm^^^i^:^^m(om 



wo 03/083416 



PCT/JP03/03979 



17 

2 5 J:tJ5^ 2 <0/^J'V:^mtl^^ 2 6?S:#S:itj&St?#5, 

5 g 1 2 :}3 j;tJ«^ 2 CD^^^^S 1 3 ^^*5V^T^^■r5 :i ic i !5 . mSN 
HKDfS 1 <D^<j^^:^m:tjiB-^ 2 5*3J; t)«|| 2 (Dy-^/i^:^ mtJ^W 2 6 

10 2 4 oKlf^^{c*5tt SSM^^^iST m 1 <o^<^i^:^m:hiS-^ 2 

5 is XXJ^f^ 2 (Oy^^ly^mtJis'^ 2 60S N tb {g-fr f 2» S o ^ 

15 ;i(Dfcie>. H 1 ©iSl^ft^B 8 /&>^R8tt$n5l^ 1 ©/-^^vx^teilSjiSII 
(DKmy</l^:^^mt:^£?>o bd^b. ^ 1 O 2 3 O SM^^fii 
v^T^i^^y^;=?.5fe^^5^^ ^ *^''icv>o ufc^SoX. (^^iiti^ 

20 /jN$ < 1 2 3 (DS.Mmi^u^x'^-^/i'^^^m^^^ 

t-5-i:;a5^v^^«), ^l<D^-«/v:5^W;trft-i-2 5^Sr#5:it:*5-e#5„ 
25 rc5J:5t-x ^ KD^mi^kiWi 2 3 His xum 2 (D^MRHm 2 A 

if ^RHmi$io:>RHmt^i&r vi^m-B-x lib ox -h. m<omm'r^£i:>^i& 
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ytmi^iE^kf:ijj^&.i^\cmn. (sfcfis^nx) ^nsfc*. flifi^^NVi-;^® 

^ fc^^:i^V^T. 112 ©^lfeo?i^li©;JaC »3 ^« t^S9^go -h® ^ M /jj 

>*^IU^^*: 5 (DmUmmWc f m/ 2 CH z ] J; «9 SiV^#-a-;5Sfe5„ 
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